Abstract. The effect of rabbit vasoactive intestinal polypeptide (VIP) antiserum on in vitro relaxation of the lower esophageal sphincter (LES) was studied in 10 cats. The stomach and esophagus were opened along the lesser curvature of the stomach and stripped of mucosa. Consecutive strips were cut and mounted in a 2.5-ml muscle chamber. They were perfused with Tyrode's solution and oxygenated continuously. After equilibration for 1 h, perfusion was stopped and one strip from the lower esophageal sphincter region was incubated in solution that contained 12-25 parts of VIP antiserum per 1,000 of Tyrode's solution, while a second strip was incubated in a solution of normal rabbit serum at the same concentration. A third strip was maintained in Tyrode's solution for the duration of the experiment. After a 1-h incubation, the strips were stimulated with 6-s square wave trains of 0.1-, 0.2-, 0.4-, and 0.8-ms pulses at 1, 2, and 5 Hz. These stimulation parameters produced LES relaxation that was completely blocked by tetrodotoxin but not by atropine or phentolamine. The strips incubated in Tyrode's solution or in normal serum relaxed reliably and consistently at all levels of stimulation. In the antiserum-treated strips, LES relaxation in response to all stimuli was significantly inhibited. Strips treated with normal serum were relaxed in a dose-dependent fashion by l-7 and 10-6 M VIP, whereas the antiserum inhibited the relaxation induced by l0-7 M, but not by 10-6 M, VIP. Stimulation with two successive 15-min trains of electrical pulses (2 ins, 5 Hz) separated by 30 min of rest released increasing amounts of VIP into the bathing solution. VIP released during the second train of electrical Receivedfor publication 9 August 1983 and in revisedform 7 December 1983. stimulation was significantly (P < 0.05) greater than in control conditions. In the cat LES, VIP antiserum inhibits the relaxation induced by exogenous VIP or by electric stimulation of nonadrenergic, noncholinergic inhibitory nerves at a level that causes the release of VIP. These findings are consistent with the hypothesis that VIP may be an inhibitory neurotransmitter responsible for LES relaxation.
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Introduction
The existence of an intrinsic neural inhibitory system in the gut wall has been recognized since the turn of the century (1) (2) (3) . The inhibitory neurotransmitter is neither an adrenergic nor a cholinergic substance, but the precise nature of the neurotransmitter or neurotransmitters is not yet known. Both ATP (4, 5) and vasoactive intestinal polypeptide (VIP)' (6) (7) (8) have been proposed as possible neurotransmitters of the inhibitory nerves ofthe gut. In the lower esophageal sphincter (LES), however, VIP seems a more likely candidate than ATP (8, 9) . The purpose of this study was to assess the possible role of VIP as an inhibitory neurotransmitter in the cat LES in vitro.
Methods
This study was performed on adult cats of both sexes who weighed between 2.5 and 4.5 kg. The animals were anesthetized with intramuscular ketamine hydrochloride (30 mg/kg). The stomach, LES, and esophagus were exposed and a 5-cm long segment of esophagus was measured and marked. The stomach, LES, and esophagus were removed together and opened with an incision along the lesser curvature of the stomach. The mucosal lining was rapidly rinsed with tap water to remove any gastric contents adhered to it, and the open stomach and esophagus were pinned mucosal side up on a wax block with the esophageal segment stretched to 5 cm, its in vivo length. The location ofthe squamo-columnarjunction was marked on the specimen with a silk suture running through the thickness of the muscle as well as the mucosa.
A thickening of the muscle layer was evident when the thickness of the esophageal wall along the longitudinal cut was examined. We have shown previously (10) that the thickening of the wall and the location of the squamo-columnar junction correspond to the in vivo location of the high pressure zone and that circular muscle taken from this region exhibits mechanical properties distinct from those of the rest of the esophagus.
The tissue was covered with oxygenated Tyrode's solution at room temperature and the mucosal lining was removed under the microscope with sharp dissection at the level of the submucosa. Care was taken not to remove from the muscle layer the stitch that marked the location of the squamo-columnar junction. The stitch was usually immediately proximal to the sling fibers of the stomach, which were clearly visible when the mucosa was removed. Consecutive strips were cut 2 mm apart and perpendicular to the esophageal lumen with razor blades held in a block. The strip that contained the suture, three strips proximal to it, and two strips distal to it were identified and cut in half. The resultant 12 specimens were mounted in separate muscle chambers. The design of a muscle chamber is shown in Fig. 1 Experimental protocol. At the beginning of the experiment, the chamber, electrode inserts, electrodes, syringes, and vials were carefully rinsed with 2.5% bovine serum albumin solution to avoid binding of VIP to plastic or metal surfaces.
In each animal, four to six strips from the LES region that exhibited essentially identical high resting tension and electrically induced relaxation were used for the experiments. After the strips were mounted in the bath, they were quickly stretched to a resting tension of 2.5-3.0 g and equilibrated for 1-2 h while being perfused continuously with oxygenated Tyrode's solution. The Tyrode's perfusate contained 137 mM NaCl; 12 mM NaHCO3; 1.8 mM NaH2PO4; 2.7 mM KCl; 2.7 mM CaCl2; 5. Muscle chamber: specimens are mounted in the electrode holder insert and secured to the platinum bar at the top of the insert. The insert is lowered into the chamber and secured in place with a screw (not shown). Physiologic solution is perfused through a drip counter into a heat exchanger and then into the bottom of the chamber. It is aspirated through an overflow hole at the top of the chamber. The chamber can be emptied rapidly by applying suction through a three-way stopcock in the bottom of the chamber. The upper end of the specimen is attached to a hook connected to a force transducer.
TWATEOR FRoMp The position of the transducer can be regulated through a micrometer screw with a vernier, which permits monitoring of deformation to within 0.1 mm. With the electrode holder in place, 2.5 ml of solution fills the chamber to overflowing. a gas mixture that contained 95% 02 and 5% C02, pH 7.2, at 370C. During the equilibration, the tension developed in the LES strips increased, while it decreased in the gastric and esophageal strips. At the end of the experiment, when the LES strips were relaxed in 5 mM EDTA to determine their passive tension, all strips had -1 g of passive tension. According to previously published data (10), 1 g passive tension is near the length of maximum active force development for strips of this type. After equilibration, the strips were stimulated with electrical field stimulation by 6-s trains of square waves, and response curves were obtained for frequencies varying between 1 
Results
Electrical stimulation of LES strips produced decreased tension that was related to frequency and duration of the impulse. Table I . Inhibition of relaxation decreased with increasing strength of stimuli. Relaxation induced by 0.8 ms, 5 Hz stimuli was reduced only 24% by the antiserum, whereas the effect of 1 ms, 10 Hz stimuli was not inhibited.
Fig . 5 shows the amount of VIP contained in the bath fluid in control conditions and after stimulation with two 15-min trains of 0.2-ms pulses at 5 Hz. The volume of tissue in the chamber was -3% of the total volume of the chamber. After the first 15-min train, the increase in the amount of VIP contained in the bath was not significant, but after the muscle strips were stimulated with a second 1 5-min train, the amount of VIP present in the bath fluid was significantly greater than in the control.
Discussion
VIP causes LES relaxation by direct action on the LES muscle because the neural blocker, tetrodotoxin, does not block this effect (14, 15) . VIP may be an inhibitory neurotransmitter. In our studies, highly specific VIP antiserum in doses sufficient to abolish LES relaxation induced by 10-7 M exogenous VIP sig- parts per 1,000 of rabbit VIP antiserum (a-VIP) or the same concentration of normal rabbit serum (serum). VIP antiserum caused significant reductions in relaxation with all parameters tested (P < 0.05) with respect to both normal serum and Tyrode's solution. The slight reduction caused by incubation in serum was not statistically significant with respect to incubation with Tyrode's solution. ---, Tyrode's solution; o, serum; *, a-VIP. (16) . Ultrastructural analysis of cat esophagus shows nerve profiles characterized by the presence of numerous, fairly large, dense core vesicles (16, 17) . Thus, the concentration of VIP that we measured in the bath effluent is consistent with available data. It is interesting that after a first 15-min train of electrical stimuli, the amount of VIP that we collected from the effluent, although greater than in control conditions, was not significantly greater. The amount of VIP that we collected increased after a second 1 5-min train, and this increase over the control was statistically significant. This suggests that the tissue may trap some VIP and that, only when the tissue is saturated, VIP may overflow into the effluent.
In conclusion, our data strongly support the hypothesis that VIP may be an inhibitory neurotransmitter for the LES since it fulfills most of the criteria for a neurotransmitter: (a) VIP relaxes the LES by direct action and mimics the action of neural stimulation; (b) VIP is released by neural stimulation; (c) immunopharmacological antagonism of VIP by VIP antiserum antagonizes the effect ofneural stimulation; and (d) the presence of VIP in nerve terminals in the LES region has been demonstrated previously (16) .
